INTRODUCTION
Oogonia development in the fetal human ovary can METHODS be divided into three phases: mitotic divisions, meiotic division, and follicular formation (1) . The oogonia Human Fetal Ovary undergo many mitotic divisions until very close to term, with a peak during mid-pregnancy, followed by a
The study was approved by the local ethics commitdrastic drop during the third trimester. Meiotic division tee of Rabin Medical Center. Ovaries were dissected commences gradually in the third month of pregnancy.
from a 21-week-old aborted 47, XXX female fetus During meiotic division the oogonia become larger, after informed consent was obtained. The abortion was contain more intracellular organelles, and are termed induced by prostaglandins. One slice was fixed in Bouoocytes. Follicular formation begins during the fourth in's solution (control 1) and the rest were frozen immemonth of pregnancy, after rapid proliferation of the diately. ovarian somatic cells to form a single flat layer of pregranulosa cells surrounding the oocyte, thus priCryopreservation and Thawing of Ovarian mordial follicles. At birth the human ovary contains Tissue from 266,000 to 472,000 follicles.
The shortage of donated oocytes for in vitro fertilizaTissue slices of 1-2 mm were placed in cryogenic tion (IVF) treatment has prompted suggestions of the vials (Nalge Nunc International, Delta, Roskilde, Denputative use of oocytes from frozen-stored ovaries of mark) with 1.5 M 1, 2 propandiol (PROH) (Sigma, aborted fetuses. It is unknown, however, whether St. Louis, MO) 0.1M sucrose (Sigma) in phosphateoocytes from fetuses have the same developmental buffered saline (PBS) (Biological Industries, Beit capacity as those from adults. Furthermore, the signals Haemek, Israel), and 20% synthetic serum (Irvine Scithat initiate their growth are also unknown, while follientific, Santa Ana, CA ately fixed in Bouin's solution (control 2).
Transplantation into an Immunodeficient Mouse Statistical Analysis
An immunodeficient nu/nu female BalbC mouse The data were analyzed by the unpaired Student aged 6 weeks (Harlan, Jerusalem, Israel) was used for t test. tissue transplantation. The mouse underwent bilateral oophorectomy, the kidney capsule was opened, and a slice of frozen-thawed human fetal ovary was pushed RESULTS inside. The mouse was stimulated with 1.5 U FSH (Metrodin, Teva Pharmaceutical Industries, Petah There were no histological differences between folTikva, Israel), every second day for 5 months, starting licles in control samples from fresh and frozen-thawed 1 week postoperatively. The mouse was sacrificed at tissue. Only 3 Ϯ 2 primordial follicles (20-30 m) the end of this period, and the transplant was removed per section were identified in the control samples ( 1). These follicles included also oocytes surrounded by pregranulosa cells at initial stages of formation.
Histological Preparation and
The graft contained up to 15 multilayered follicles per Immunocytochemistry for PCNA section, with only 1-4 unilaminar follicles (primordial and primary) in every section, most of which were Control samples and transplanted ovarian tissue primary follicles (Figs. 2 and 3 ). The multilayered specimens removed from the host were fixed in Boufollicles included both secondary follicles and antral in's solution and prepared for paraffin embedding, secfollicles. The follicles were 179 Ϯ 137 m in size (P tioning (5 m), and staining with hematoxylin and Ͻ 0.0001 compared to control follicles), the largest eosin. They also were prepared for an immunocytomeasuring 438 m. The multilayered follicles stained chemical study of the level of PCNA staining (2) (3) (4) Figures 1-3 represent the fetal ovary Lab, Jerusalem, Israel) for 30 min to block endogenous before and after grafting. peroxidase activity. The sections were microwaved for 15 min under full power (800 watts) and for a further 15 min under 75% power with citrate buffer at pH 6.0 DISCUSSION (diluted in distilled water from a ϫ20 citrate buffer solution at pH 6.0) (Zymed Laboratories, San Francisco, CA) to enhance antigen retrieval. After rinsing,
In the present study, a frozen-thawed human fetal ovary from a 21-week-old 47, XXX female fetus was 10% normal rabbit serum (Dako, Glostrup, Denmark) was added for half an hour at room temperature (RT) to transplanted under the kidney capsule of an immunodeficient mouse. The ovary was frozen with PROH inhibit nonspecific binding. The first antibody, mouse anti-PCNA (Dako) was incubated at a dilution of 1:50 and sucrose. Secondary and antral follicles were observed in the histological sections 5 months after overnight at RT. The following morning the sections were rinsed and incubated with a rabbit anti-mouse transplantation to the stimulated host. All the follicles stained positive for PCNA both in the granulosa cells biotylated immunoglobulin (Dako) at a dilution of 1:200 for half an hour. Finally, an avidin-biotin comand the oocytes. The expression of PCNA in the control samples was probably due to intensive mitotic cell plex (StreptABC complex/HRP, Dako) diluted in hydrochloride Tris buffer at pH 7.6 (Sigma) was added divisions of all ovarian components at this developmental stage of the human fetal ovary (1). for 30 min at RT, followed by exposure to a diaminobenzidine urea H 2 O 2 solution in distilled water (Sigma Very few studies have investigated the in vitro growth of fetal follicles. In two of them, fetal follicles Fast tablets, Sigma) for 5 min. Unless otherwise stated all the dilutions were performed with Tris buffered from cows (3) and baboons (4) showed initiation of in vitro growth when cultured in ovarian slices, as saline at pH 7.6 (Sigma), which also served as the main rinsing solution. The sections were then counterstained determined by expression of PCNA. In another study, fresh and cryopreserved-thawed human fetal ovaries with hematoxylin. The number of follicles in both control and transplanted samples were counted in eight were placed in organ culture (5). Although a polar body was extruded in some of the oocytes, the oocytes sections. The follicles were measured with a calibrated eyepiece micrometer.
did not reach the size associated with mature adult Fig. 1 . A photograph of the frozen-thawed fetal ovary before transplantation. Note the primordial follicles (arrow). Hematoxylin and eosin, 3200.
Fig. 2.
A photograph of the same ovary after five months of grafting. Note the multilayered follicles. The granulosa cells in the graft were stained with PCNA, while the structures of the mouse's kidney (arrow) were not stained for PCNA. 3100.
oocytes. In a very recent study, expression of meiotic ovaries from mice were transplanted under the kidney capsule or to the bursal cavity of oophorectomized cells was detected in human fetal follicles cultured for several weeks (6).
mice (8). The fetal allografts restored the cyclic activity and the follicular development in the hosts, and in The kidney capsule of immunodeficient mice serves as a site for transplantation of ovarian slices from 33% of the transplantations in the bursal cavity the hosts became pregnant from the donor fetal oocytes. various species and as a model for the development of follicles because the transplants are not rejected and
In one preliminary study, human fetal ovarian slices were transplanted to immunodeficient mice, and the receive a rich blood supply (7, 8) . Oktay et al. (2) transplanted ovarian cortical slices from women to follicles survived for 6 months after transplantation (8).
The incidence of 47, XXX is 1 per 1000 (9). Some such mice. After FSH stimulation to the hosts, growth to antral stages was observed during a period of 17 ovarian defects have been associated with this chromosomal anomaly, for example, ovarian dysfunction, weeks. In another study, fresh and frozen-thawed fetal fewer germ cells and primordial follicles, hypoplastic well as advice on immunocytochemistry, and to Gloria Ganzach for the English editing. ovaries, a single ovary and premature ovarian failure. However, since these ovaries do contain follicles, folliculogenesis is possible, which accounts for the results REFERENCES of our study. Furthermore, it is very difficult to obtain ovaries of chromosomally normal fetuses from late 1. Gosden RG: Oocyte development throughout life. In Gametesabortions, and this study shows that certain chromoThe Oocyte, JG Grudzinshes, JL Yovici (eds.), Cambridge, somally abnormal fetuses can be used for research. England, Cambridge University Press, 1995, pp 119-149 Our study is the first to show extraovarian develop- for Research Promotion (RO). We are greatly indebted 1996;107:315-332 to the staff at the Department of Obstetrics and Gyne-9. Lin HJ, Ndiforchu F, Patell S: Extrophy of the cloaca in a 47, cology for helping us to locate suitable patients, to Pepy XXX child: Review of genitourinary malformations in triple-X patients. Am J Med Genet 1993; 45: 761-763 Roizman for some of the histological preparations as The average age of women in the study was 32.4 years. The primary diagnoses of the women included 1 To whom correspondence should be addressed.
tubal factor (37.3%), endometriosis (36.4%), ovulatory dysfunction (14.6%), pelvic adhesions (5.5%), male factor (4.5%), and idiopathic infertility (1.8%).
GREENVILLE, SOUTH CAROLINA
Patients signed consent forms indicating awareness that their data might be used to monitor and possibly improve methodologies used for IVF.
Can Varying the Number of Spermatozoa Used for Insemination Improve In Vitro Fertilization Rates? Oocyte Insemination and Culture
Oocyte recovery and sperm preparation have been described in detail elsewhere (3) . A total of 1601 Submitted: November 24, 1999 Accepted: February 11, 2000 oocytes from 110 IVF patients were included in this study. At the time of oocyte retrieval, oocytes were placed into 50-l drops of human tubal fluid ( shown, demonstrated no significant difference between the two media, and thus data were pooled.) The drops 100,000 motile spermatozoa/ml (1). However, this number varies considerably, especially if the laboratorians were prepared in Falcon #3002 Petri dishes (BectonDickinson Labware, Lincoln Park, NJ) the day prior suspect a reduction in IVF due to previous failed fertilizations, antisperm antibodies, low semen parameters, and/ to oocyte retrieval with media that were equilibrated overnight in a 37ЊC incubator containing a 5.0% CO 2 or abnormal spermatozoa function tests. While increasing spermatozoal concentration may enhance fertilization in air and high (95-100%) relative humidity. The drops were covered with washed, equilibrated mineral oil rates, it also may lead to an increase in polyploidy or an increased sperm-related toxicity such as superoxide (Cat. No. M-8410, Sigma Chemical Co., St. Louis, MO). radical scavengers that may actually result in decreased spermatotozoal and/or oocyte viability.
Both culture media were supplemented with a serum source. The HTF was supplemented with synthetic Previously, we reported no difference in fertilization rates for oocytes exposed to 100,000 motile sperm serum substitute (SSS) (Cat. No. 99193, Irvine Scientific, Santa Ana, CA) at a concentration of 10% (vol/ cultured in 1.0 ml of culture media in a test tube versus fertilization for oocytes placed in 50-l drops vol) and was used for both insemination and culture drops. The P-1 medium was supplemented with human of culture media containing 5,000 motile sperm (2) . (Note that a total of 5,000 motile sperm per 50 l is albumin solution (HAS) (Cat. No. 9988, Irvine Scientific, Santa Ana, CA) at a concentration of 3 mg/ml equivalent to 100,000 sperm per 1.0 ml when comparing volume to volume.) We now report a study in for insemination drops and SSS at a concentration of 10% (vol/vol) for culture drops. which we evaluate fertilization results when sperm concentrations are increased by two to four times in Oocytes were cultured in a 37ЊC, 5.0% CO 2 in air, and high (95-100%) relative humidity for approxi-50-l drops. mately 8 hr at which time washed, hyperactivated were demonstrated in polyploid fertilization rates at the three sperm levels (5,000 vs. 10,000, P ϭ 0.731; sperm were added to mature oocytes at one of three levels: (i) 5,000 motile sperm/oocyte (equivalent to a 5,000 vs. 20,000, P ϭ 0.241; 10,000 vs. 20,000, P ϭ 0.461). concentration of 100,000 motile sperm/ml) were added to 595 oocytes collected from 39 patients; (ii) 10,000 motile sperm/oocyte (equivalent to 200,000 motile sperm/ml) were added to 415 oocytes collected from DISCUSSION 33 patients; (iii) 20,000 motile sperm/oocyte (equivalent to 400,000 motile sperm/ml) were added to 591 oocytes collected from 38 patients.
To evaluate the effect of spermatozoal concentration on IVF success, oocytes were inseminated with 5,000, Oocytes and sperm were left undisturbed in the incubator for approximately 16 hr and then assessed for 10,000, or 20,000 motile spermatozoa in 50-l drops. The 2 PN or "normal" fertilization rates and the polyevidence of fertilization. Fertilization was confirmed by noting the presence of two (normal fertilization) or ploid rates increased as the number of spermatozoa per oocyte increased. However, the increase was sigmore (polyploid fertilization) pronuclei (PN) within the cytoplasm of the oocyte on the day following nificant only when comparing the 2 PN fertilization rates of the 5,000/50 l spermatozoa versus the 10,000/ insemination only. Oocytes fertilized following reinsemination were excluded from this study.
50 l and 20,000/50 l spermatozoa. We are in agreement with others that there is a general trend toward increased fertilization (1, 4) and Statistics polyploidy (1, 5) when the spermatozoa numbers are increased, but we refute the notion that an increase in Data were analyzed using 2 or a two-tailed Fisher's exact test. Significant differences were defined as those spermatozoa may be toxic to oocytes. This is in contrast to others who indicate a decline in fertilization having a P value Ͻ 0.05.
with increased spermatozoal concentrations ranging from 25 ϫ 10 6 to 100 ϫ 10 6 (6). Furthermore, we did not see the decrease in fertilization that has been RESULTS reported when motile spermatozoal concentration in excess of 200,000/ml is used (6-8). Fertilization rates for oocytes inseminated with different numbers of motile sperm (51.8%, 64.6%, and One major difference in our study versus the previously mentioned studies is the total volume of media 66.5% for 5 ϫ 10 3 , 10 ϫ 10 3 , or 20 ϫ 10 3 motile spermatozoa/oocyte, respectively) are presented in used to culture oocytes. We used 50-l drops, whereas Wolf and co-workers (6) used 0.9 ml in tubes and Table I . Statistically significant differences were demonstrated in the total fertilization rates when 5,000
Mahadevan and Trounson (7) used 1.0 ml in tubes. The volume used by Diamond and associates (8) was versus 10,000 motile sperm were used for insemination (P Ͻ 0.001) and when 5,000 versus 20,000 motile undefined. Thus, the difference in fertilization rate may be influenced as much by the actual volume of culture sperm were used for insemination (P Ͻ 0.001). There was no significant difference in the total fertilization medium in which the oocyte resides as by the total number of motile spermatozoa that are present. The rate when 10,000 versus 20,000 sperm were used for insemination (P ϭ 0.528). No significant differences spermatozoa and oocyte: media volume ratio also may 
